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fc-frfc^-a gSffiH^ (CAS : Combined Autocorrelation method) <h Si" £ 
fe^bT^^^m^^T^So £©*§-&©> 2#7C^ftte> 

M^JCMt-^H^^©^^^^^^^^^^^^®^* 5 ^^ 1 ^^ 
JE»im©fi3»»«^©aBffi«Hft**«>, d©aB«HH»c*W-a^©^» 

2^7n@3^iJ©m : i : ^^^ffl^^3^7C©^^ X9-f ^I^©^3SEfc<k0 
T§JE^M^©^^M^©ffill#^^^^S^«^* §fci:,felc ^ 

it©RFi^ofiffif^§. £©«-&©* 3^tc^ir]«> ew&jastt'? 
^<fcD^fi$ns®#^tf-A©^iRji:, @^tf-A©^*t^<h, 2ine.tc 
ifcsc-r sx^*#iRn?**. *fc* jBBWtwa©RFflt^n© 
®w^tf— ©w^H-A©^s^iRis.^2itie)fcit^-r^x^'i > 
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13-1 3 a^UTjg^^n—^l OfllfclfcjfrV*, f®at)ttSfit5. 
(1) fc&S. 



c - (l) 

&t&\z\±&fcigm*&fct>&mfe<D&W8&mv\z* (2) k^u^?^ 
20 m.m<Dmmp. t^siftitMp i*M»«ittflwu 8 , 

v= / 2U 2 +^>W ) 

iv x ... Q2; 
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&to&ffi\z&%nMm&^Mtt(DMm\**?mx*&z^ 02 <b) #w 

CD«UMMI^) *i| Ct. x), l,(t, x) fc-r*fc, d©2:3©«*©*Ha 
*BIH#fcC (t, x ; n, m) fct, (3) 

f 0 /2 Xt/2 



v=-/ 0 /2 w=-jc 0 /2 V v=-/ 0 12 w=-jt 0 /2 



x+w+mL x ) 

•••(3) 



W^|ft©U->^U >^M«, L s ««^©i^>yU>^WIH, n, mttMfcT- 
a&£ 0 ^LT> £©ffiSffiWW#tf**£fc*££© (n, m) S (k, 1 ) £ 

t^<^ if-so^ (t, x) ^*tt*«i^©^ffiu, t«t^iRi©^fi:u x &-tn 
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u a =lLx 

/ 2 CO = ReUa—)e- t -<'-^J ... (4) 

i, (t) BS«ttORF«, I, (t) ttffiH«©RF«-9, A (t) 
co 0 ttjB#«©**i>ft«aiafC, r«^7htS§. *bT, -© 

2 o© r F-fs^^n^nit^^-r s t, ^©^5^-x/\ ( > f 

S2 (o=^-ry^ ... (5) 



H/2 ... (6) 



.T, R A (t) »fa«H»©aB«MM*» t 0 W«*lfelf-A«i:«fl*l©fflH 
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(t) ®&*B<f> (t) ^&JE«lfcJ:$I^W5/7br, tft^T|Rl^u y «#Cxfc_(7) 

_ CT 

W *~~T - (7) 

10 f^mft+'Mtt© 4tj© 1 tf£(±i&?) t . X-Y U7'»^*jBdb 

^-£T> 2^©ffe©M$to^tfe r^lBffiHS (CAfe: 

Combined Autocorrelation Method)j £:£M©f£?8#^te*l0gbTVi£o 0 5 

20 xJWbTS. 

••• Co; 

m?, i, (t) ttEISiORFi^ i, (t) «ffi«S^©RFM#> A (t) 
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s 2 it) = A(t-TW iaur+<,) ... (g) 

fbT, H©2^CDfi#IW©a5!l4BMH*Rt, (t ; n) S^Ocfc^fc^f 
5 2>. 

J? 12 ^«)=£ o/2 ^('+vK(r + «|+v)-rfv = ^(f;r-/i-)e ^ ^ 

(« =-.,-2,-1,04,2,—) ... (io) 

Tttfiirifc©ffi8K R A (t ; r) ^M©SBffiiit, t 0 ttffi 

io Hi&:<£>5$; (6) ?f$.t>t>, n = 0(Dm^\ $ ^^^tmw$>^, 

n©w«*i£iR*r %>tz.&\z%& (id -e^^n^^n^n 

fiMRC (t ; n) £fflV>3 e 

C(r w) = l/g 12 0;*)| 

VfctC*;0)|-|.R 23 c*;'0| 

•••(11) 

15 fcfcl, R„ (t ; 0) te, s, (t) ©SBffiHH^ R 22 ( t ; n) tes 2 (t 
+ nT/2) ©ge*BIHP$rC&£o fLT, u0MMM«C (t ; n) 
^tJiSnOfiSkitSi, f0n = k0tt0R„ (t ; k) (Dii*l4> 
(t ; k) te> X-f U 7^>^©Sf TV^^fiffii^S. &ftftHl*BBg 
StH¥-r*IBBI*2^©i»[S (MSB) \zM?v1£K.*b~Z$>%>. %l3.fr\z. z\<D2 

<D4> (t ; k) *ffiViS^t^<kD«mjBEJ»k:J;S^M^7h rR^tt^^ffi 
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a> Q 2 
— CT 

Uy ~ 2 - (1 2) 

0^ViT, SnffiH&it^^lHlIi§ (QD) 13 1H inffiifioxn 

-«^x (t) £A±>u ^n^tm^m^x. rati^ix (t), qx 

(t) «*fc, f lffiWl^l 3 3SL^mi*BM#^^lHl^l 3 5 0-1 
3 5NlcHiM§. ^ 1 iDffi«^^mi^ (QD) 1 3 2 0J1 inffi^xn 
— ff^-y (t) £A^U ^-n^ntt^^bTit^^m^-Y (t) =Iy + 
jQy (Iy (t), Qy (t)) M 1 *ISS£M^#lElg& 1 3 4 0 fttf* 2 ffi 

wm^iHissi 3 5 oicm^-r^o mijiMiui^i 3 in-i^y <o * 

jfi«»©JSI8!T;£ttjS5E3l§\ IIl/fcX3-f^y, =y (t-T) &^2in 

ffima^^mes (qd) i 3 2 l^m^i-s. m2mmm&i 3 5 ra, m» 

MIpIS§1 3 4lCj;oT5SM^nfcxzi-«^y 1 =y (t-T) *HS<«*ift 
©Jfa$TfcW«££^ «b/tx^—B-^y 2 =y ( t - 2 T) ^*t©^2 

mi£'&w.3itk®i\B\& (qd) 1322 (m^ii-r) tcm^-r^o mm> n^©s 
*n*#»2*w*«awiHH*i 3 8o~i 3 sNicutfrr*. *2 4imKffiEi 

Kl 3 4 0H •mmmS^mUf&l 3 2 O^SOIt^^m^I y (t), Qy 



WO 2004/010872 PCT/JP2003/009731 

14 

(t) &A2/U ifly, Qyl:I^TffiSIRyy$IIU ^nSH2 
ffiM&iciHII^IB&l 3 8 (HCffi^T^o JBlffiHflWHKJUBKl 3 5 0H *0EE 
tuit^^lHl^l 3 l#&©aG&ift»flHtI x (t), Qx (t) RtfS§liDEE« 
tt^^iaS&l 3 2 O^^CDil:^^^-^ I y (t), Qy (t) SX^t^ 

^-xn>h«ts R , s, ^ns^3tap^#ns&i 3 6oMffi 

ISIIIlIS&1 3 7 0l:aiMl.. ^3ffilB^#llIS& 1 3 6 0 te> Sgl*liW«fcigE 

^m^i 3 5 ofrzomm^— x/^>b*§#s R , s, ^a^u -tncs^w 
t*@w{I i Rxy i £5&£>, -en*S2ffiM«*?e[iriHii»i 3 8 oKffiAn, 

^tS^H^lHl^i 3 7 0H JgiffiHflaktKDciHlKi 3 5 0^f>©l$^-XA 
H«0c!RIFIbIB&1 3 8 0«> mffiNft#lHn&l 3 3*50ffiHfiRxx; 13 

*hmsii*ihh$i 3 6 ofrzommm I Rxy u mf\zf&2ttwm&®&i 3 4 

0^e>©*HP<IRyy£A*rU ^^^IttCI^^ffilttC, (t) 

& 2 JPJE^l£2a5*ftJRlHlB& (QD) 132 1(4, fg 1 ilMHIi^ 1 3 4 fc«fc o Til 
ganfcxa-fify, =y (t-T) &A*U *n^niSE£fcifcbTffi£te 
Stflt-^Y, (t) = Iy, + jQy, (Iy, (t), Qy, (t)) IlffiH 

mm&m&i 3 4 1 2 1 3 5 l^m^-rs. f^tawmn: 

3 4 lfcj:, ^2JPJEE«m^«HIK (QD) 13 2 1 *> <DW3&ktitfe& 
Iy, (t), Qy, (t) SAAU ^©f^Iy, (t), Qy, (t) 
^TfflH«Ry,y,*tW»b, *n**2ffiH«»«IHgKl 3 8 UiffiTJtS. 
fglffiW«»ctRI¥lHH!Sl 3 5 1H SDffiSuiS3S^lHlS& l 3 1 # 5 ©ittSftfeifcfc 

tix ct), Qx (t), m2m&®m5&fefe®& (qd) 1321)5^01^ 

tl^ly, (t), Qy, (t) &A*U **^-XA>hfitS M , S„ 
Sr^fe, ^-n*»3*BHtfti!£iaKl 3 6 1 RrflfrfB3S?KJ¥lHl& 1 3 7 l Icffi^-T 

^ 0 &3ffiHXJiti§ii*i 3 6iit *i*HM«*awinaKi 3 5 d&>&©*»!^ 
^nsi6 2ffiM«*?si!ciHiKi 3 8 nzmtiT&o $Lmmmwm& 1 371s, 
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^iffiM«»?KlFiHiKi 3 5 i^e.0ii^-x;t>hifs M1 s„ £A*fU 
JE-nfcat^v>Tifc*a*, (t) &^&&o ^2ffiw«fsctsiriii»i 3 s-itt, 
minmmmm^i s 3a^0«»irxx, »3«Hattwai&i 3 6 ia>&© 

ffiHlfil Rxy, I, ttt^K:ilS2*BWtWffiaai 3 4 1^6©ffiH«Ry,yi * 

RTHfcfc, »13B6IhI»1 3 5«l*©»2inJEE«llX*«iai& (QD) 1 3 

2 2-1 3 2N, £2ffiNlftJ|£l3&l 3 4 2-1 34N, £ 1 *B 

1 3 5 2-1 3 5N, ISfiRMBKl 3 6 2-1 3 6N> 4ttB£tt*l§!Iftl 

3 7 2-1 3 7NROC»2ffiH«»ca«HilKl 3 8 2-1 3 8Nit ±5£© 1 ©! 

m&x$2mm(Dm$&%t£nn<D@ i M*MfTV, mm&$kc t (t) ~c„ (t) r 
©at*7;i/=f0XA**ff-r*iHiKt4, jnffi«©x3-«-^y (t) &mmm$& 

13 4-13NTiift©^T/2 (2#©l$tS) tffttSSMU ^nSrffi^ 
(QD) 1 3 2 0-1 3 2NSfflViTTOJ^it^^bTVi§. 

fc©T£D, 3g^^g»T*>A^D©#ttWttlc*^^fcl>«»ff^*. 
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^«T?ftsa*ifc*»f>'^5 t A©«Ei««*&*"r^ny ^ia-c*^o m 
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5 mm2^7C^KtP^9 3te, mm/3Eil!ltu^ORF^F B 1^^^2^7n1fl3^ 
§B9 5^m^b>^(D«i:#(Dffil3M^©^^^fR]^th^9 5^ffi#T5o 

&9 4frt><Dmjjfa^&u x <Dfttt&Qr*wizwft-§rz>z.tiz£y)m-jjfo&z>>fr 

20 iz Ey £tWU ^nSif«9 8i:tB*t5. a^^SB 
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^(/,x) = Re^,x)e-^^>J 



(1 3) 



i, (t, x) ttJEEI8W©RF«^ i, Ct. x) »Ei«ORF« 
A <t, x) ttttfM, 0, H«t»0«f^Wlft, rttttW^hTf* 

s l it 9 x)^A(t 9 x)e' 0 

^UT> u©s, (t, x) ts 2 (t+nT/2.. x+mL) fc©IB©2Jfc 
15 7C«*fflHHWcR» (t, x ; n, m) **£ (1 5) OJ:5fc)Mlt*. 

^x;ii,m)Hp / / 2 J^ 2 2 * 1 (f+v,x+w 

(m--Jf -h ,-.-2,-l,<UA"-,W— ) ... d 5) 
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x; r, u x ) fitt^fe©gB4BMM& t , Btt^fflffiHSttMX x 0 

2^7C«*ffiMMSc*fflViT, 6) fc^-T 2^7C^HffiP^C (t, 

5 x ; n, m) ^^It5, 

C(/, jc; w, m) ~ — 1 



J\R u (t 9 x;0,0)| ■ \R^(t 9 xi n 9 m)| 

- (1 6) 

fcflfU R„ (t, x ; 0, 0) tts, (t, x) ©SB*BMI@$C, R M ( t , x ; 
n, m) tes 2 (t+nT/2, x+mL) ©aBffii«*5, fit, 21 

10 *^J»*TS. Tfcfr^ frfkUfo (t,. x) £35*** C (t, x ; n, m) tR 
„ ( t , x ; n, m) ©&*B<f> ( t , x ; n, m) <h©3fi {C ( t , x ; n, m), 
<t> (t, x ; n, m)} St^TCnimfc^^T^ftS. 2121T\ n£m©ISB 

IH»ffiH«*#*:fcfc&:* (n, m) = (k, 1) fc*rr*fltfB* (t. x ; k, 

i5 i) ttx^fur^>^©jB*Tv^viffiffitfes. imt ^iUffiic (t, 

x ; n, m) 1fi*ckiitsi& (n, m) = (k, 1) ©£#>. s, (t, x) £s 2 
(t + kT/2, x+lL) £©l$IBh>:7 h©*#3 I r-kT/2 I ifiT/2 
«fctJ*>/h*<fe*, -Tfeto-fe, U (t, x;k, 1) |=o) 0 I r-kT/2 
I #*7r J; B»Mn£ <t^T^ £©x-T U X v->^©ig#Tl>& 

20 (t, x ; k, 1) */flV>nt& ffNHjft (t, x) \Z&Vr2>JEmtSimmZ'7 

ht, tt^iRjSEtfcu, , fUTi^Mu, s&s^cA (17) ©«fc3fc:3fci:5. 



T 

c r 
u = — 

«y 2 



_ <f>(t,x;k > /) +ifc r 

-(1 7) 



0) 0 2 



« X =ZL 

fc£U c ttttJirtT?©** (21Jl-Ctt*C3!ft3»K:^W-S— iKW^Witl 5 0 Om 



WO 2004/010872 $2s$ PCT/JP2003/009731 

20 

^|6l^'Cfcfc«l^lRl3EI£& §H?-rn«, ffl#lRl2E4fc$M&u y (x, y) fc«t&I^J* 
TOu, (x, y) A*»&ns. 

(x, y) fc^lRlS^^e, (x, y) #3*5$ (18) ©J; 3 £#©5*1*. 

„ du (x,y) 
e y ix,y) ^ 

dx ••• (1 8) 

±5$©u x «=lL^6t>to#*J:5fc« 

mm&&'E<wmfe& 3 ^©ffiM® 1 3 3fc7c©«3ttBH*fflv>s c tfc «t of§s¥ 

EI 9 ROT 1 Ote, S^Tnm^SB+BM^WS^T^^UXA^^-r^n-^ 

^^e>^L#@©^S^^^^ i T^n^ni^1ll©^SS:ff , 5fees6^, 
^WKZ WZ. r 1 j 
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^(D^H^C (1, t ;u, v, n) £fHrr£o CCt^gSffiWmi 
a-ft5*nfc*-&aB«BH**»V^T*WMMkC (1. t ;u, v, n) <Z>H-i££ 

XT7^S18tl^ ^5t^:^i^T7^S 1 3 fcU*->b, Jj&Jj 
^I$JW^^u*^©«^U^bfc^S*>©JpJ^StfVi> ^bfc»«&fc« 

Xry^S 1 9TH Xt^^S 1 2-X^^^S 1 8©ffl«fcJ:oT*ft6 

nfc*@P«cC (1, t ; u, v, n) (u = -U, ...0 U) (v = -V, ~ 

0, V) (n=0, 1, N) (D^frZmjztfcZ (u, v, n) *^«>, 
«l* (u„, v„ n 0 ) i-TSo &*, **J6«Ttt, ffil«tt©**#*.T 
n=0, 1, .... N£bfc#, 9i!tfK<fc<fe%>#«>S»'&tt* n = -M,..., 0, 1, 
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xfy^s 2 otn t^^s i 9-v$ttbt>ntc.mmm%cc ( i , t;u 0 , 

v 0 , n 0 ) fc^>^T, ^-£>#:*B^4> (1, t ; u 0 , v 0 , n 0 ) £tM**r5. 

Xf'^S 2 1T?H M^^^BtVX, (*> = n 0 7t + <J> (1, t;u 0 , 
5 v 0 , n 0 ) £ff-^-T3o 

7,5"^^S 2 2T11 (u 0 , v 0 , n 0 ) <D3fi^<£>*SI9#^C ( 1 , t ; u, 
v, n) &m^T. -j5tiL-fi\ft<D^$L\ v = v 0 +Av^Jf^©^ : u = 

7s? i u * > i-aasrrs. 

Xf^^S3 im JEE*S«a©RF«#xi£EilB«<ORF«^yS-€-tl^niS 

x (t) -^Ix, Qx (X (t) = Ix+JQxtt5) 
20 y (t) — Iy, Qy (Y (t) = Iy+jQyW) 

Xf7^S3 2m *|g|:Rxy, Rxx, R y y &2fc^fc*:JV>TfU|£*r 

Rxy= S X ( t + v) • Y* (t + v) dv 
Rxx=SX (t+v)-X* (t + v) dv 
25 Ryy=SY(t+v)-Y*(t + v)dv 

Xf7^S3 3m ^e.tl»Rxy, Rxx, Ryy^UTffiii 

C 0 = I Rxy I //" Rxx/" Ry y 
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Xf^^S 3 4TH Picnic 1 ft-fey M"£o 
Xf^S3 5TH Y n (t) =Y (t-nT) e ftth***. 
Xf7^S3 6m HKS^^Rxy, , Ry„y n ftiHH"£o 
Rxy„ =SX (t + v)-Y„* (t + v) dv 
5 = $ X ( t 4- v ) • Y* (t-nT+v) e iw, dv 

Ry„y„=S Y„ (t + v) Y n * (t + v) dv 

= J y (t-nT+v) • Y* (t-nT+v) dv 

10 c„ = lRxy n |/AxxAy»y„ 

Xf>y^S3 8m SE*fcnft>f U b4B3T*. 

Xf>^S3 9m ^Sfcn^^ffiMtcBUfc^S^ft^b, lUfc*^ 

<D5o,aft^oMi"o 

15 010 07n^t" Mrte, Rxy n , Ryj„»^©l- 
5, £TF, £©<fc5tCUTY D ftYfrfc&^fc^TIBE-r*. 

inffiM^xn— fi-^x (t) ft 

x (t) =u (t) cos (co t + 0) 

20 ttD&fateHnE«©x3— - fl*ty (t) ft 

y (t) =x (t + r) =u (t + r) cos (co (t + r) + 0) L~TZ>o 

x, y, y B ©HEfctfe&*fc*» 
x (t) ->I x=0. 5 u (t) c o s 0 

Qx = - 0.5 u ( t ) s i n 0 
25 (X (t) =Ix+jQx=0. 5u (t) e~ ie ) 

y (t)->ly = 0. 5u (t + r) cos (cor + 0) 

Qy = -0. 5u (t + r) sin (cor + 0) 
(Y (t) =Iy+jQy=0. 5u (t+t) e- i(£0t + &) ) 
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y„ (t) =y (t-nT) 

= u (t+t-nT) cos (a) (t + r-nT) + 0) 
= u (t+t-nT) cos (cot+co (r-nT) + 0) 

5 i y = o. 5u (t + r-nT) cos (co (r-nT) + 0) 

Qy =-0. 5u (t + r-nT) sin (co (r-nT) + 0) 
( Y = Iy n +jQy=0. 5u (t + r-nT) e - j <»<*- DT)+fl) ) 

£?3iZ>o £A±<D3:fr <b£XT<D£.5 tzmfcWf$ X> toe 

Y n (t) = I y„+ j Qy n 
10 =0. 5u (t + r-nT) e - i(o,(t - nT) + e) 

= Y (t-nT) e itanT 

^n^e»Y n (t) teY (t) = Iy + jQy^»§i:t^. 

fcT, Rxy„, Ry„y n %, «©J:5teX, Y#&*«>* - fctfT?**. 

Rxy n =4SX(t + v)-Y„* ( t + v) d v 
15 = 4SX(t + v)-Y* (t-nT+v) e itonT d v 

I Rxy n I =Ru„ 

= Su (t + v) u (t + r-nT+v) dv 
= 4SlX(t + v)-Y n * (t + v) I d v 
= 4 S IX ( t + v) • Y* (t-nT+v) e 10 " 17 1 d v 
20 = 4 S IX ( t + v) • Y* (t-nT+v) Idv 

Ryj = Su (t + r-nT+v) u (t + r-nT+v) dv 
= 4 H Y, (t + v) • Y, * ( t + v) |dv 
= 4 SY (t-nT+v) - Y* (t-nT+v) dv 

iZ^?&?73i-b<D\ZTZ>t, Jk$$kWL®&l 3 2 0-1 3 2N^SiI$n§ 
Z.t\Z&-oX. *^^IEIS&1 3 2 0-1 3 2N©®II:I^ri^t§^5^ 
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iPJEMlt^^lElK (QD) JPffi«6©X3-«^x (t) &A*U 

Jtn*n«aEtMkbT, ix*wix ct). qx (t) mimmm. 

JtlSHftl 3 3R^»lffi««»caWHilHH 3 5 0-1 3 5NtB*t5. flnffim 
it^iS®* (QD) 13 2H JPffi^Oxn-fiUfy (t) ^rft^ 
nW&m&lsXW&mim*Y (t) =ly+jQy (Iy (t), Qy (t)) 

*, * i «H**wna* i 3 5 o, tB2ffiHmni»i 3 4ox.xf$&iwnm 

Kl 3 4 Rt)t» 2 3BCia» 1 3 5fcffl*f5. fclMEIIli 3 4Rtf*2W 

-BR13 5», tftfSWWt^Y (t) «*n*n«**©««T«it«tt**» 

3ffifibfc*X*Hft«*Y (t-T) **l«PI«»aWWa«H 3 5 1, ^3II 
m&l 3 6Rt;fB4313iia»l 3 7fctH*t5. m3M®lHl^l 3 6Rtf!§4j! 
860*13 7 tt, «**ffi»Y (t-T) ft*n*ft***©*«T£U*fi 

g^bfeii^M-^Y (t-2T) &^ao»iffiH«»»tina»R^ 
mem* m^T> \zmirr%o K&<Dm&m&*m^xmtmn?® 

*n**»2«M«*awwai»i 3 s o~i 3 sN^t?.. *2«midra 

Kl 34 O^UnffiSbia^ftlHlKl 3 2 I y(t),Qy(t) 

I&SUIIIIS&l 3 8 0KUJ*t5. »l«H«aHKOTIfcl 3 5 0H SpBEhuII^ 
13 1^6 ©HLSS4ft»[«# I x ( t ) , Q x ( t ) RtffllBEMGHftSEli! 
Bi3 2A^oil^iftitiy (t), Qy (t) SAtjU li^-X/Oh 

«*s, . s, *n«*3*MW«a*i 3 e o RtWfcffiSftawiiaB i 

3 7 0}:W*T5. IB3*BM?ft#tHl&l 3 6 OfcJu H 1 ffiH«»«IHaift 1 3 5 
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X y i *nt» 2 *«#w«na* 1 3 8 otcffi^-rso ntfiieawiBi 
s, sxau *nfc»^Ttt»**, (t) »2«n«»awwa 

dl 3 8 0tt, J&lfflW8MM3B&l 3 3»5©«H*Rxx, m3ffiH^tHlgS 
1 3 6 0*&®ffiMI Rxy I , fctfte*2ffiHi**l§H»l 3 4 O*>&0ttH 

iRyy^u cm6©#*BH*K:ai^T*H«ftc 0 (t) 

*2flHiftffleIttl 341H »13Biia»l 3 4R^m2 51^HI8Sl 3 5* 
6©3H6«©flL^5lftSEfll^I y ( t -T), Qy (t -T) £A:*jU «#I y (t 

-T), Qy (t-T) te^vvrffiHttRy.yifcftJfU «i&*2ffiH«*fc 

mara&i 3 s i fcHj*-r*. »i««iMMttwa»i 3 5 1«> tastmsstt 

«!a»l 3 l*60*SEWfc«*Ix (t), Qx (t)> I1IW134S; 
tf»2»36iai&l 3 5*>6©3!ffi«©iiStfftifc«*I y (t-T), Qy (t-T) 

6 1 Rt««BjiWwaii 1 3 7 iic:w*-r*. *3ttwwwa*i 3 em, « 
nic*tJ^T*«« 1 Rxy, 1 *n**2«pwmwra*i 3 s 1 

l:t li7Jt§. tt**WHfl*l 3 7 111 *1*B«WMM*1 3 5 1*50 
^-XA>M^S H1> S„*A*U (t) 

»2*«»WW»IH*13 8 1tt, JBl*WWWa*13 3*6©«B« 
Rxx, Sf$3*BIISiSI3?lHlS&l 3 6 lfrbommm I Rxy, U tm^2ffili 
JFEBftl 3 4 l*6©»W«Ryiyi £A^U 5in6©««PI«fca6tJ^T« 
HfiMRC, (t) £i£3?U ffl^-r^o 
f 3i»l 3 5 3Sttf*43B£ia»l 3 6 ft>&JfcS©*2ftWaWWsn» 1 3 

4 2~i 3 4N, m i «H««awna» 1 3 5 2-1 3 sn, issffivnmiaK 

1 3 6 2-1 36N, tiffi&ttffHKl 3 7 2-1 3 7 NWl 2 ffiHIMfcttff 

mg&i 3 8 2~i3 8nh j;afcR«©ffla*w*w*nfc»*©itsaft 

Sifly ( t — 2 T) • • • I y (t-NT), Qy (t-2T) • • - Qy (t 
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-NT) fc*tbT*frU ffiH«RC, (t) ~C„ (t) Rlflfcffi*, (t) ~ 

4> N (t) &ffi*-r&. 
**\ itm*mjjim&tetmiZL?%o iuts*4Mir ******** 

0. 5) (^Ct^etlTV^. ^ilt, #TV>Jt*0. 49iL, 
^© 1 ^>^WPS^^^ (FEM : Finite Element Method) ~CfoZ>o 
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oDJ^Stt^ (19) <0«fc5K:*$ns. 



(/,/ = 1,2,3) ... ( 19 ) 

#5$ (2 0) 0«k5l:SSn*. 



<5 o 



■r*. mm* u,, x 2 , x s ) « (x, y. z) «ut*d, 

v : #7V»t 




••• (2 0) 




••• (2 1) 
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£„ : mfr^Vfr 
s„ : JK*X>VJW 
u, : ^ftL^P b)V 

«^ (22) a«#e>ns. 

» E K J 1 + v J ... (2 2 ) 

fc£U s nn =s u + s 22 +S33^^ 0 ckoT, C0^Ti = j= 2tU ^> 
^E^ViTlltSt^ (2 3) ^#f.n5. 
^_ q- M -y(g- n +o- 33 ) 

_ cr y -v(cr,+cr z ) 

^ - (2 3) 

< 0 ^©#tt«»#*?f*J*©3MISfck ETF©«fc"5fc:fc*. 

fglfc, *»#«*»#*©»»«#* {E"°} tbT-iM^^-S. IB 
2K:> «jJQWttftft&* {E"°} ©t*lc*U***»# U" 0 } *3jfe7c*BHK 

^O&V^SSfc (2 4) Srf^^o 
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a \ E ( du s t &"A 



(l + vXl-2v) iJ dx, 




= 0 



(2 4) 




ax n a Xl ax, ax 3 (2g) 

^86 £o 



&^ (2 7) t«kt)H»r*rs. 



fc^b, ^©^«, ±»cD**-a»u«sct e 1, fc^^TMu. ^4>©i = 
20 j=2^u> ^>?mE\z^xmm\sizft&m% : &tbfc>b<D'v$>K), 5£+©k 




- (2 6) 




- (2 7) 
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^ ' ... (2 8) 

tin?, U4H*##, Ntts**, nabtrvMire**. 

0, t©^»tt3^7n©^0*v^S^**K:#tt«*^*&«lfebTVi*. 

^n-^&x X^ic«*«)^3fe3fc*r * n £ K «fc 0 > **** 3 ^jnW^^S 
fit, ^UfcV^tt^fS^fii^fil/^tS. H©£#, m 

ftt, ^©ffi^fc^^^m^©#»^^wPfi^^^^cfcD^se)^o ii3 

fc, ffi»^^;i/ffi*gSCf^©m#^**Kiffi«iifflr«©RF^*^^s- * 

4(i, ^©jESBtti«©^5 >RF«^fc#bT4J3M8i&&B*BHffi<& 
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«*K«CT»ttffi»W©#*a#**»*** £ t>»» w*. - 
FAT**** (2 9) ©ck5fclMffi«IW«©1^#M»t»***>^^^®^ 

i, (x, y, z) tt»«ffiWlWr©RFfll^, i, (x, y, z) tela 
HffiiftORFfll* h (x, y, z) jaaM^X^ACjftUK^OH* H> 
/VVXfo®), t, (x, y, z) rmitffi»1W©1*ft#H*k t 2 (x, y, z) 

&HicT$>3o »»E*B«©*a#H» t , (x, y, z) ttttttEffiffi 
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m&w**t l (x, y, z) <D&®&w<D&m*ffi® : £7 : )i'<D&Mz.mcx® 
»s-e:fcfc©T**. retell im&Mizft5&mLft&mx<Dmm'SMfmm 

(x, y, z) BaiBttW*T?**ififtt*. 3 SIC, j^*«DH»Ctt2fc5S; 

(30) ©j;5^iRj^^^iii-e#^^^-r§o 

£IIT% hy (y) J*B*jRlf-A^Ifil©jfttJ£3&«0BH!fc, hx (x), hz (z) 

t-rs. *i/r, ^^©j^^DHfttt^iB©*****^*^^* 9 

(7K4"^?Rofei£#0. 13mra07^ft-) d>e>© 
j^X3-#**»fcfMT*. H13B, 5 . 0MHz©i 

^Oithy (y) fc*U tntt*^XH*tCjEK»tft^W-fct)OfcJ:oT* 
Koy-f'V'- • ^&CDE#X3-$Hfr*iE<KU EI 1 3 (B) 

IftjfrDifrPONfclix (x) EI 13 (C) ttXMX^^tJRSthz 

(x) **n*n«u ine»^-)xiitraot^o7^- • ^-^y 

6 0mm (2^tc) -^Wtt^^&'b^^x^*^- *bT, £© 



10 



15 



20 
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TJVtbT«^ 1 ^#tt#fc«£bTV>*. *bT, OH 
fcito bT V> 3 . 

t§0 je©»ffl^fca*«t^^AfcHt* */^^-^«» +o«Mfc5. om 

Hz, /WMB0. 5mm, tt*»e-A*l 1 . 0mm, jaE5«f>IWW0. 5 
mm, lJ->^U>^»«»3 0MHz*r**. ^bT, ^CE»H«0'>5al/ 

^ftfrofc. ££x, m^^i»m#^it^T#^>J:e»^#^-e«^b^x 

tel. 6mm (N;M) -2. 5mm (ttSrfll) © 2 #tu*@ «>: 5 . 6mm (M 
x7. 5mm (thrift) a>2*7C»««BB*«^, 1 Jfc7n*lS©**SB 
ffiM^Tttttl^^ra^l- 6mm01^7cW^5. 6mm01^7nli 

CUT!, HI Bmi^fc^*^®S** ) ^** l/W 

s 0 o&m-£iiie*BM&, nttiaai«^aB*HHfc AttfflWttwtfcfc**". 

fcb, $^i^iettt(« (3 1) £fflV>&. 



e = 



1 



2>' 2 ... (3 1) 

25 d^T, e'.^fi^^nfc^, e iW«*##, N 
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10 



15 



^T3. 6fg»WoTl*H©©, ^IWffiM^tJt^St 1/ (7. 7) 



20 











2 6# 


1/ (3. 6) 


ram^sBtaw^ 


1#3 4# 


1. o 




1 2#5# 


7. 7 



« t fjWl 018 (A) fc»TJ:3fc« 0mm* 6 0mm* 6 0mm 

(D3&7tnm&ls~?:%>r>. ZLO&M^JVWz&mi 5mm, ^6Omm0® 



WO 2004/010872 



PCT/JP2003/009731 



36 

UiOkPa, rtltt*©#tt*»tt«a«fc 0 3 tt«V> 30kPain. 

^t^frofeo ioih sis (b) \z^-r&o\z. ^mm^Mznvx± 
p a) ^mx, m^f;^^*i^(-^5' 

5/a>fcRC, «f»iC?«««C5. 0MHz, AVl/XfS 0 . 5mm, flt^ftSWifelf 

0 mm, X^X^fa@^&t*-A"ii2. 0 mm, >^P^ 0 . 

5 mm, 1t>yU>^»3 0MHztt§. 

iiB©i; 3 k bxfro fcvaa a m 1 9 HI 2 0 fcwf 

*5tefe*. Hi 9ttlili*x;V**«»ctt^fcJE«bfc»^©S* 

H 2 0 (:« ViTlSK^****^^^©^*** 1 ^ 
*8bfciMre*lK «F^ig©#^*HK:iRl*^T*«*«>TK:ffi«lbfcfc«)> EI 
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n&. 

15 £^mmz}*mcv&z>&* 2&7G©;&^wot>&^@^&2£fcbTv>5j&)e 

2 ^7nS*^Sffl vvr, SSfebfc 3 Jfc«rT* Cil: 
£0$ifiE£fr5o £ © 2 #7nl?*J5fc8rm, 2&7G©¥®^M£SI£4K5tbfc# 
SffflB^fil/tbT, ^»©^{*:J(ia«iraC3^7C*jfi*KpOBI2 1 
©^^^©^^ffl^o H2 1tt, 3^:76^31^^2 0©^^^ 
20 ©— 0»J£^rriaT&3 o 02 1 (a) ©rt-S&t^W*, SWA^^bfe^ 
JVC. 10 0 mmx 10 0 mmx 10 0 mm©€fi^i:|g 2 0 mm©£g^ 
rt&4&##*E"rSfc©"r, ft^©#f£#fcte3 OkPa, «3E©#ttfil»:« 1 

25 >Jt£bTte, *JC*BE«lttfcifiV^8e) 0 . 4 ftT, 021 

(b) ©Jl«^7 s JW40rtfeif©Jl3R© , b©ft«*bfc : E"7 f ;P'T?» ^1 0 0m 
mx 1 0 0 mmx 10 0 mm©^^^^ \zM^ 2 0 ramOi^l^fJ^ 
fttStV^t)®^ «^lO3Wt«fttt3 0kPa, /M©#44#SfctelOk 
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^LT, 02 1 (a) 0n&m*7)\'O&&l&^)V±f&fr£1A%lftK.l 0 0 
Pa©-«^iE*fcJ:0, 02 1 (b) ©JiW^^OJMrtttT 5 ^** 

2^© ; E^T^EE^©3t$^^^TV^<D«, fr^frt 

5MHz, A°;V7siii0. 7 5 mm, «t^lRjj©W^tf—AS2 . 0mm, 75^f^ 
^ftjBWifclf— i*«2. 0 mm, i2t7-f >MI$i2 . 0mmT?&S. 
*'&SB*aWHfeiC^W-S*BH*©U-'fXtt3. 2mm (W) «4. 0mm(i 
gUfltfBffltel 1. 2mm (tt^TlRl) *14. 0mm («^IrI) $ 
Sfc, 3^7cWPS^ ; &^;^§#'I4^^S^-r«2mm (W^IrJ) x2 
mm («t£fa) x5mm U5-f^) ©*5fir<W* 5 0 0 0 0«*fflUT« 

02 2S.OT2 3«ft^7^fcfctt**&5£*S*&^r* 02 4^02 5tt 
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[%] 


[%] 


<D Ir J "o> —J 1 
L/o J 




3 #tcF|;P/&*£ 


3. 5 


15. 5 


11. 0 




3 0. 9 


17. 9 


3 5. 9 


wr 

)V 


3 yz7tn&tf8k 


8. 5 


2 6.8 


3. 1 




2 4.9 


2 2. 1 


4 3. 5 



E. 



SD, = 

E c -E s ... (3 2) 

H^(D^#:m^t|slC 3 ^7n^»lcbfe#ffi#^^^^^ 
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^(D^^ifi/X^AOS^^^r^TS^o^CDmW^^^xA^ 
3*7C««X^^2 8 1, iBfWMIfM2 8 2, /l-y-^O >H:x-* 
2 8 3, ;^x^3>bD-72 8 4, /i;V7, ; E-^ 2 8 5, JE^th2 8 6 
J!i:2*6«rtSn*. 3^5n»*«X*^^2 8 1 WtA^XStl^l?:! 

W^t2 8 1 « 3 #tc^»S pj tBMfifc t^oTV^o fi$&»lff£*2 
8 2tt3&7n»«****:*-2 8 lMWUfcD. U7^H ACfif*B=e- 

t£fr£IS2 8 2fc*«3TIHi*nfcRF«**ft«t«t), W»ttfWHi«©«: 

f^y-AC^fcH^tlT^D, avD/^K*^-* 2 8 5©*I»*$HCtt3 
^5B«*tfeX^^2 8 1*n8t0#W-T**- ^tt, TO^3>m- 
72 84ia^©/tM ; e-^ 2 8 5£*!l0iU jBWS**^2 8 1 

rztb<Dh<D-(?, iSf ^7 :i lrtt2 8 1 tMtOKtt^nS. fctffU ££T 
«jBW«X^^^-2 8 1 Trffi$&JESI&£fT'=> fci^©^±TCDffi*^«— #T?$> 
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fttUTH jB#«»t»i&«ift»C7. 5MHz, f^U>^»»3 0MHz, 
jfe*9-f>*7 1*, 7V-^4 4fe, g«r?©Snfc3 0-* l(HlC0 3^7n 

tctZZ. /VVXmffiO. 5 mm, 5mm, X^-TXTjft 

If— AHI9 2. 6mmT'feof:. 

02 6ojttm*m^xTj*<Da&Wfm<Dtofctott^&&**' ***** ® 

3jfc7CjB*«^*^^2 8 lSft^l, tt»&m>fcV>^fc«*»;**ir?-2 
8 1 *«**"*. COD^, JH*|kX*ir^2 8 1tt33k7£«fttf*)r CTfcfr 

#CD**jB*««Mm«2 8 2K:3ft»«. Ctlte, Wfif*IWWSi2 8 
2 T 3 ^7CSfe3t*-r* £ U 7JWAtBt- H *«5«T *fcl*fc*T**. fife 

5n«fc***«HiiJttbWo. 5TO§. c<z>£#, tt«snfcffi»t&©R 
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* * ffi»tt© RFf-^ n#fc«*Wft« 2 8 2 © 7 W A * * U 3 

A-y^-;V3>tfo.-^ 2 8 3*&tt#!ft1Mff&*2 8 2ft 

#tt««fc»*ll*rttt«> 7 P df 9 A fcSfcff b , m^ffi^tti^© R F 5 s - * ^ e> s 
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z. ommmmtt iotai$ mtm^ <o^mm &wm-r z> ia«^a t . 
io n^wni. 

25 T 3 fcHBm©®*^*?^*^- 
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frS^RimfBte^^ 2# 
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^{f ^© 2 #© 1 RJHWIWTfMttU lWIBjli^iftVf-AiO^aE^ieifclWBM 
^tf-Atf^^T#»jb, MIBX^^X^lRj^«5l2@W^H-A©X^-fXt!^ 

tf-A^, ^fBjgw^H-A©^^R^-ne)^m^T^7,7^7.^© 



WO 2004/010872 



PCT/JP2003/009731 



46 

^Tcmmm^^mmm^mz^'r^m^o^^^t^mvxtii^ 
2i. MtB#m*«> -a*** **** amsioffiw^ 
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jiiW&lf ^t© 2#© 1 «*IW«T^»UTttBffiM«»©**ffi«**»* ^ 

2 5 . una* 2 ©xf^ t«Etnij*fc*w*wiBffi«w«©«ttM 
2 #© i «ftiwnr'>7 b bTtwett««»**** - ^#m^t- 

£5*-$rfc*tUT4>fc< fc%2^7C^^abT, IWB«-»jft*BBtt2?fcmffi 

w * km-t * tmsm am© tMMiMWi*©* t & *** 

5fcg>3 £ t 2 0 ClB«©^^^^^o 

2 7. tWB2*5e#*ltt. IMtttWfffcJiOW^W***^ 

M^mm^n 2 #© 1 ^ > HtifB®^^ tr- A ©MEfrl* fctW3» 



WO 2004/010872 



PCT/JP2003/009731 



48 

2 9 . ttta* 2 ©xt7 tinaw-aijfttfeHty 2 #c7nffiH«fcK*r*M 

5JliS1li<i:t5it^3 0 Klt3«©3l#-#*iJ^;£i£- 

@^«f^© 2 #© 1 jftftlWWTlWbb, tOTB«#*lf-A©«E«rftfc»®» 
If— A tf y ^T?Mfr b , MfBX 7 -f X ^ ft IMBUM* tf-A©XrKXtf 

3 4. tMB* 5*5^71*. «^t*M!OWfc»«^ 3 *5c 
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•T5 21fc&«p|Ri:-rS8t*«3 3 lcB«©!SB*^***^*- 
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Ut) 
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